Aim: In the present study, we evaluated the direct and mediating (indirect) effects of clinical oral conditions, dental anxiety, sense of coherence (SOC), and socioeconomic variables on oral health-related quality of life (OHRQoL) and general health-related quality of life (GHRQoL) in Iranian adolescents.
| INTRODUCTION
There is now a paradigm shift from the traditional biomedical model of health to biopsychosocial model of health that emphasizes an individual's social, emotional, as well as physical functioning.
1 Although clinical indices are useful for measuring oral disease levels, they are not suitable for gauging health and treatment needs. 2 This limitation with clinical measures paved the way to the development of measures of oral health-related quality of life (OHRQoL), which takes into account the multidimensional nature of health. 3 Previously, OHRQoL was only used when examining adult patients; however, the impacts of oral disorders on quality of life (QoL) have also been found in children and adolescents more recently. Moreover, the impacts on children could be as great as or greater than those on adults. 4 Oral disorders can also impact general health by causing pain and affecting functional ability when performing daily life activities. 5 However, contemporary research on OHRQoL in children substantially relies on OHRQoL instruments only specific to oral health. General health-related quality of life (GHRQoL) instruments do not account for the specific impact of oral health on overall well-being, despite oral diseases being among the most prevalent conditions among children. 6 Therefore, the use of both generic and disease-specific instruments has been suggested in order to understand the impact of oral health on general well-being and to measure the direct impact of physical impairment or functional limitation caused by oral diseases.
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general health-related quality of life, as defined by the World Health Organization (WHO), is a subjective perception of life quality that is affected by physical health and psychological state, and also personal beliefs and social relationships. 6 OHRQoL refers to an individual's view of functioning, social interaction, and psychological well-being with respect to oral health. 7 In simpler terms, GHRQoL and
OHRQoL are an individual's perception of QoL with regard to overall health and specific to oral health, respectively.
However, the concept of HRQoL is complex and dynamic. 8 There are several factors, ranging from the biologic to individual and environmental characteristics, and their complex interactions, that influence HRQoL. 9 For example, OHRQoL in children is influenced by clinical oral health status, dental anxiety, and socioeconomic status. [10] [11] [12] Likewise, GHRQoL is influenced by several non-medical and social factors. 13, 14 Sense of coherence (SOC) is one of those factors that strongly predict QoL. Individuals with a strong SOC do not consider life situations to be stressful, and use available resources to cope with stress. [15] [16] [17] Studies that have tested the effect of several psychosocial variables on QoL have indicated SOC as the only persistent psychosocial variable in predicting QoL. 16, 18 Understating the relationships between various predictors is important, as this knowledge would be helpful in designing effective interventions that can improve QoL. A thorough knowledge of these interactions and processes would help in planning targeted oral-promotion strategies, particularly with respect to subjective oral health outcomes. 16, 19 This prospective study aimed to evaluate the direct and mediating effects of clinical oral conditions, dental the adolescents were included in the study. However, students who used a fixed orthodontic appliance were excluded.
| MATERIALS AND METHODS

| Participants
| Measures
| Sociodemographic information
Sociodemographic information of the adolescents, including age, sex, father's and mother's years of education, and number of family members, were collected from student records. A self-administered questionnaire was used to ask the adolescents to indicate the frequency of tooth brushing (1=never, 2=less than once per month, 3=less than once per week, 4=once per week, 5=once per day, and 6=twice per day) and dental flossing (1=never, 2=less than once per month, 3=less
than once per week, 4=once per week,and 5=once per day), as well as time interval since the last dental visit (1=never, 2=more than 2 years, 3=last 1-2 years, 4=last 6-12 mo, and 5=less than 6 mo ago).
| Dental anxiety
The level of dental anxiety was assessed using the Modified Dental
Anxiety Scale (MDAS) 20 The MDAS has five items, which are rated on a five-point Likert-type scale ranging from one (not anxious) to five (extremely anxious), with higher scores indicating higher dental anxiety. All item scores are summed to produce a total score for the MDAS. The MDAS has been translated into several languages, including Persian. The Persian version of the MDAS was found to highly valid, reliable, simple, quick, and easy to complete for using in Iranian populations. 21 
| Sense of coherence
Sense of coherence was measured using Antonovsky's SOC scale.
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The SOC has 13 items, which are rated on a seven-point Likert scale
ranging from "never" (1) to "always" (7) . The total SOC score is the sum of all items, with the possible responses ranging from 7 to 91, and higher scores indicating stronger SOC. The SOC-13 has been used in several languages, including Persian, and its scores were valid and reliable among Iranian adolescents (Cronbach's α=0.87 and test-retest reliability=0.77). 
| Clinical oral examination
All adolescents were clinically examined by two trained and calibrated dentists in a classroom under natural light during daytime hours. The decayed, missing, and filled teeth (DMFT) index and
Community Periodontal Index (CPI) were measured according to the recommendations of the WHO for epidemiological surveys. 26 To improve the reliability of the study, the dentists were trained and calibrated by an experienced examiner at Faculty of Dentistry of Qazvin University of Medical Sciences, Qazvin, Iran, 2 weeks before commencement of the study. An independent sample of 16 adolescents was examined by the dentists. These dentists independently re-examined the adolescents after 24 h of the first examination. The results of the kappa coefficients revealed that interexaminer reproducibility was 0.97 and 0.94 for the mean DMFT and the mean CPI score, respectively. In addition to this, intra-examiner reproducibility was also assessed, and the results indicated that the Kappa coefficients were 0.96 and 0.95 for the mean DMFT and the mean CPI score, respectively.
| Procedure
All adolescents were asked to complete the questionnaire, including oral health behaviors, MDAS, SOC-13, the PedsQL 4.0 Generic
Core scales and PedsQL Oral Health Scale, in a classroom setting.
Afterward, the dentists clinically examined the adolescents in classrooms under natural daylight using standard explorers, mirrors, and CPI probes. Eighteen months later, the same adolescents were asked to recomplete the PedsQL 4.0 Generic Core scales and the PedsQL Oral Health Scale.
| Statistical analysis
Before we tested the proposed model, we first examined the construct validity of two QoL instruments (PedsQL 4.0 Generic Core scales for
GHRQoL and the PedsQL TM Oral Health Scale for OHRQoL) using confirmatory factor analysis (CFA). We then used structural equation modeling (SEM) to answer our research questions. The proposed model examined the impacts of several potential predictors (father's education; monthly family income; dental anxiety; CPI; DMFT; SOC) on both 18-mo follow ups for OHRQoL and GHRQoL (Figure 2A ).
The potential predictors did not include mother's education because mother's education was highly correlated with father's education (r=.8). We also analyzed the indirect impacts of these predictors on generic quality of life at 18-mo follow-up through OHRQoL. In addition, some mediating effects for OHRQoL were investigated using the proposed model. -test also suggests a good datamodel fit, we intended not to use the criterion because of its oversensitivity to a large sample, 28, 29 In addition, the direct and indirect effects were tested using bootstrap methods. Specifically, we used the bias-corrected bootstrap with 1000 bootstrap samples to calculate the 95% confidence intervals (CI), and the indirect effects occur when the confidence interval does not contain zero.
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Some respondents did not fully answer the following scales:
PedsQL oral-related health module at base (missing, n=33) and at 18-mo follow up (missing, n=20): PedsQL generic scale at 18-mo follow-up (missing, n=197), modified dental anxiety scale (missing, n=1), CPI (missing, n=3), DMFT (missing, n=42), and SOC (missing, n=34). In
final model. OHRQoL and GHRQoL were assessed at 18-mo follow up; all other variables were assessed at baseline. GHRQoL, general health-related quality of life; OHRQoL, oral health-related quality of life order to reach the maximum power in SEM, we used Bayesian imputation to impute the missing values mentioned earlier. 32, 33 The descriptive analyses were done using SPSS 17.0 (SPSS, Chicago, IL, USA), and SEM were performed using AMOS 20.0 (IBM SPSS, USA).
| RESULTS
A total of 1529 students participated in the present study, with a response rate of 90%. Sixty-four (4.2%) adolescents were lost to follow up. The participants' demographics, health behaviors on dental care, and health outcomes are shown in Our data fit perfectly in the CFA and SEM, except for the significant χ 2 -tests, as shown in Table 2 . We additionally examined the effects of all predictors on adolescents' OHRQoL, and found that all predictors were significant (Table 3 ). Higher scores of dental anxiety, CPI, and DMFT predicted a worse OHRQoL at 18-mo follow up. In contrast, higher level of father's education, monthly family income, SOC, and baseline OHRQoL predicted a better OHRQoL at 18-mo follow up. Moreover, we found that OHRQoL had a strong direct effect on GHRQoL (β=0.499; 95% CI=0.460-0.539). Based on the direct effect of OHRQoL on GHRQoL, it is clear that all the predictors had indirect effects on GHRQoL through OHRQoL; however, all the predictors, with the exception of SOC (β=0.084; 95% CI=0.035-0.123), did not have direct effects on GHRQoL, as we hypothesized ( Figure 2B ).
As hypothesized, our results showed that father's education and monthly family income had indirect effects on OHRQoL and GHRQoL.
Dental anxiety also had an indirect effect on OHRQoL mediated by CPI and/or DMFT (Table 3) . However, SOC did not exert any mediating effect on the influence of father's education and income on OHRQol or GHRQoL ( Figure 2B ).
| DISCUSSION
In this longitudinal study, we evaluated the influence of clinical oral conditions, dental anxiety, SOC, and socioeconomic variables on OHRQoL and GHRQoL in Iranian adolescents. We also assessed the direct and theoretically-driven mediating effects of these variables on OHRQoL and GHRQoL. Longitudinal studies in this area are scarce, and to the best of our knowledge, there is only one study evaluating adolescents, but we prefer the PedsQL Oral Health Scale, as many of the existing measures are specific and fail to evaluate the impact of oral health on general health domains. 25, 35 The PedsQL Oral
Health Scale was introduced to measure OHRQoL as a component of GHRQoL. 6, 35, 36 This measure has already been translated into Persian and was found to be valid and reliable in assessing OHRQoL among Iranian children. 25 In addition to socioeconomic variables, we also assessed the effects of dental anxiety and SOC on QoL in the present study. Research indicates that OHRQoL is significantly related to SOC, 19, 37, 38 and also dental anxiety. 39, 40 We found that SOC and dental anxiety were significantly related to self-perceived oral health, with dental anxiety having a negative impact, and SOC having a positive impact. SOC was also associated with GHRQoL, which is indisputably consistent in the literature. [41] [42] [43] According to salutogenic theory, a strong SOC is associated with physical and psychological health. 44 Individuals with high SOC tend to be more resilient in stressful situations, and thus less distressed. 45 Individuals who are anxious tend to avoid dental visits and rely on self-care, and thus have poor clinical oral health status, which affects their QoL. 40 In accordance with the literature, OHRQoL increased in line with parental education level and family income. 12, 14 This might be because lower education level and income lead to material deprivation, which results in limited access to health facilities, and thus poor QoL. 12 However, it was surprising and beyond our understanding that the socioeconomic variables failed to directly influence GHRQoL, but had mediating effects via OHRQoL.
We also found that clinical status (dental caries and periodontal status) predicted OHRQoL. There are conflicting reports on the effect of clinical status on OHRQoL. 37 However, a systematic review by Barbosa and Gaviao concluded that clinical oral status is related to OHRQoL. 10 They suggested that weak relationships observed between clinical status and OHRQoL in a few studies might be due to low disease levels or low impact of the condition under investigation in those studies. 10 As with socioeconomic variables, oral indicators did not have a direct effect on GHRQoL. This might be because of the clinical indicators used in the present study. In order to have an impact on general well-being (or GHRQoL), the oral condition has to be associated with considerable pain and limited functioning, which is possible when dental caries involves pulpal involvement, and very few adolescents in our study had dental caries associated with pupil involvement. This is in accordance with a previous study on adolescents. 46 The periodontal status of the study population was considerably fair (CPI: 1.62±1.11), with gingival bleeding and calculus being observed in a majority of the population, which have direct relevance to OHRQoL rather than GHRQoL. A literature review found that four of the seven reviewed studies demonstrated an association between oral health status and GHRQoL, but the only study that had evaluated the effect of dental caries on GHRQoL demonstrated results similar to ours.
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Quality of life is a subjective perception that differs between cultures, and is determined by population preferences for a given health state. 48 Therefore, the findings of the present study might not be generalizable to those conducted in other cultures. However, as the sample selected was representative of the Qazvin province, the find- Therefore, decreased statistical power could have occurred. Some would suggest using weighted structure to resolve this. However, we did not do so because we wanted to fulfill the principle of parsimony in the SEM. In addition, we did not collect any cluster-level information (e.g the overall social economic status in each school).
Moreover, we are confident that our sample size was quite large, and the problem of decreased statistical power can somewhat be remediated. Nevertheless, future researchers might want to use a weighted structure in the SEM when they adopt a two-stage sampling method, especially those with small sample sizes.
Few studies have indicated that disease status is associated with SOC, 49 but we observed no mediating effect of SOC on the association of clinical oral status with QoL. Supporting our finding, a literature review found psychological status but not physical health status to be associated with SOC. 50 Literature also suggests the existence of a psychosocial pathway, with individuals belonging to higher social status having optimum conditions for the development of SOC. 49 A few studies have also observed that higher socioeconomic status during childhood is predictive of better SOC in adulthood. 51 Therefore, we assumed that SOC might mediate the effect of socioeconomic status on QoL. However, socioeconomic status had a direct effect but not a mediating effect via SOC on QoL. SOC might play an important role in mediating the effect of the socioeconomic status on QoL perception in patients with chronic and severe diseases, as individuals with higher socioeconomic statuses have greater resources to cope with the stress than those with lower socioeconomic statuses. However, this explanation might not be sufficient when the disease burden is low and less severe, as was observed in our study.
| CONCLUSIONS
As hypothesized, clinical oral indicators and socioeconomic variables had a direct effect on OHRQoL, while it was surprising to observe that SOC was the only factor to directly influence GHRQoL. Given the relevance of SOC to both OHRQoL and GHRQoL, planning salutogenic interventions for this study population might help in improving QoL.
Although oral health did not have a direct effect on GHRQoL, the observed direct effect of OHRQoL on GHRQoL demonstrates that the perception of oral health well-being has an effect on general wellbeing. The observation of clinical oral conditions mediating the effect of dental anxiety and socioeconomic variables on OHRQoL and
GHRQoL emphasizes the importance of improving clinical oral status to improve the overall perception of QoL. Both the SOC and socioeconomic variables had an effect on the subjective perception of wellbeing. The multiple direct and mediated effects that were observed provide more opportunities in planning targeted oral health promotion strategies for improving QoL in this population.
